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Abstract: The lean paradigm is now firmly established within the field of operations and SCM. 
However, even though a large number of narrative reviews exist on this topical body of material, no 
citation analysis (CA) has yet been conducted. This paper presents the first CA of the lean literature, 
and also represents the most extensive known CA study within the wider field. It uses ten search phrases 
over a source population of over 15,000 Google Scholar publications. These are filtered into a dataset 
of the 241 most highly cited publications on lean that account for an aggregated total of 98,829 citations. 
The research reveals a surprising degree of influence of academics within the supposedly a theoretical 
lean literature. US institutions dominate, with MIT being the most influential. Both practitioners and 
management consultants almost exclusively co-authoring with their own type. Japan has the second 
largest number of management consultant authors after the USA. 
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Introduction 
It has been 30 years since the term ‘lean’ entered the management lexicon via Krafcik’s (1988) Sloan 
Management Review paper and over 20 years since the publication of Womack and Jones’ (1996a) 
seminal book on the application of the lean paradigm. In the intervening period the topic of lean has 
become firmly established, especially within the field of operations and supply chain management, with 
numerous scholars highlighting the level of ongoing interest in this topic among both the academic and 
practitioner communities (e.g., Marodin and Saurin, 2013; Jasti and Kodali, 2014; Samuel et al., 2015). 
Indeed, in this period of time, lean has diffused to become the de facto operating norm in many industries. 
For example, a visit to production or supply chain firm operating in the automotive, aerospace or grocery 
sector in the UK would reveal the widespread application of lean principles, practices and terminology. 
As a consequence of this diffusion the body of literature on lean has continued to evolve (Hines et al., 
2004) to document new application domains, and to provide practitioners with implementation advice. It 
has now achieved a massive scale; a Google Scholar (GS)query for publications with the word ‘lean’ in 
the title (excluding patents and citations) for the period since 1988 yields over 25,300 results. Lean 
therefore remains a topical subject to both management practitioners and academics. 
 
As a body of literature evolves and expands, it is useful to analyse the influences upon it (Peng and Zhou, 
2006). The systematic review (after Tranfield et al., 2003) of the lean literature that was conducted at the 
outset of the study reported upon within this paper identifies that 17 significant reviews of the lean 
literature already exist. Nine of these are narrative literature reviews (op cit.) of lean tools, techniques 
and principles. The remaining eight are bibliometric-type reviews. These are all of the publication 
counting type (see for example Marodin and Saurin, 2013; Jasti and Kodali, 2014; Hu et al., 2015; Samuel 
et al., 2015); premised upon simply counting the total number of publications produced by top 
contributors in a field. However, publication counting provides no information about the significance of 
the scholarly impact of the publications concerned (Peng and Zhou, 2006). Consequently, there is no 
research on literature influence patterns within the lean literature; representing an important gap in this 
massive body of material. 
 
The established method for evaluating the impact and influence of literature is citation analysis (CA), 
which has a legacy within production research with publications in a number of high quality journals (see 
for example Vokurka, 1996; Pilkington and Fitgerald, 2006; Pilkington and Meredith, 2009). CA 
involves an evaluation of the number of times that researchers cite a particular published work in the 
reference list section of their published work (Aguinis et al., 2014) and is based upon the premise that a 
publication’s frequency of citation is an indicator of its importance, impact and influence within its field 
of study (Pilkington and Meredith, 2009), even if this is a negative citation (for citing a reference for 
reasons of criticism or as an example of bad practice). As such, CA is therefore by nature a simple 
technique that does not utilise sophisticated statistical calculations or tests. 
 
The first stage of the research programme reported upon within this article involved the first known such 
CA of the lean literature (Francis et al., 2016, 2017). Within that study a new CA method was developed. 
This utilised a source population of 15,588 articles on lean that were drawn from GS; the most extensive 
bibliometric search and indexing database. These articles were then distilled into a focal dataset of the 
241 most highly cited publications on lean (see Appendix). These in turn collectively represent 98,829 
citations. Drawing upon this focal dataset, this paper details the second stage of that programme. It aims 
to use CA to address the earlier identified research gap. Again using citation as the measure of influence, 
it sets out to: 
 
1. analyse the characteristics and influence of different types of author within the lean literature – 
specifically academics, practitioners and consultants respectively 
 
2. analyse the characteristics and citation influence of the institutions to which the above authors are 
affiliated. 
 
By addressing these two research objectives, this paper makes the contribution that is inherent to any CA 
study; namely uncovering previously unknown patterns of influence within the focal (lean) literature. 
This is the yardstick by which all previously published CA research has been judged. However, given 
the sheer diffusion and influence of the lean paradigm amongst operations and supply chain practitioners, 
this study provides valuable insight into the source and nature of what, who and where is most 
significantly impacting the evolution and application of the lean paradigm. Due to the space constraint 
inherent in a journal paper, this is of course merely the essential prerequisite for understanding the 
complex relationship between the advice offered in the lean literature and the resultant economic and 
human relations consequences of applying this advice in increasingly diverse work settings. 
 
The paper starts with a review of bibliometric approaches used within the operations and supply chain 
literature to contextualise the legacy of the CA method within this field, along with the limitations of this 
method. This also includes a systematic review of the application of bibliometric approaches within the 
lean literature. We then describe and justify the methodology employed to achieve the research objectives 
stated earlier. Next, we present the results of our CA of the lean literature. Lastly, we detail the 
conclusions, limitations of the study, and proposed agenda for future research. 
 
2 Literature review 
2.1 Citation analysis within operations research 
CA research has a legacy within the operations field. For example, Biehl et al. (2005) conducted a large-
scale CA of 31 ‘top management journals’ as defined by the Financial Times list of top journal outlets to 
establish how top journals in various academic business disciplines relate to one-another. These included 
some drawn from Operations Management (OM). Likewise, Pilkington and Meredith (2009) applied both 
CA and co-citation analysis (where the focus of the study is the relationships that exist between 
publications that are commonly cited together) to the all of the papers published between 1980–2006 in 
the three oldest OM journals (JOM, POM and IJOPM) to reveal the intellectual structure of the OM field. 
This amounted to 75,000 aggregated citations. They highlight that Vokurka (1996) used CA to establish 
the most important journals within OM. They also identified that Pilkington and Liston-Heyes (1999) 
used both CA and co-citation analysis to analyse IJOPM citations between 1994–1997 in order to plot 
the sub-fields of OM, and that Pilkington and Fitzgerald (2006) was an update to this study that drew 
upon IJOPM citations between 1994–2003. 
 
However, whilst CA is an objective method that has a legacy within the OM field, it is not without 
limitations. Inherently, the citation statistics revealed by CA will represent a snapshot in time. Likewise, 
the selection of the source database and search strategy will influence the subsequent findings. Drawing 
upon Garfield (1977), Pilkington and Meredith (2009) highlighted the danger of using data only on the 
first author citation to make inferences, rather than using data derived from all cited authors. They 
likewise emphasised the problem of identifying the correct author or publication among sets with the 
same or similar names derived using differing naming or referencing conventions. Similarly, Aguinis et 
al. (2014) warn that within CA, each individual citation is considered to have the same ultimate influence 
within its field. They also observed that the standard CA method is based upon a single stakeholder; the 
academic. This is because it is researchers within academia who tend to cite the work of others, and are 
therefore the only stakeholder considered when impact and influence are based upon citations. Other 
potential limitations of CA include the inflation of publication citation statistics via author self-citation 
practices and for older publications; negative citations; and the fact that theoretical, conceptual, 
methodological review papers tend to attract higher citations than empirical papers (Peng and Zhou, 
2006; Biehl et al., 2005; Pilkington and Meredith, 2009). 
 
2.2 Lean production 
The origins of the lean production paradigm can be traced to the Toyota production system (TPS) 
pioneered by the Japanese industrial engineer Taiichi Ohno (1988). The term ‘lean production’ itself was 
coined by the Massachusetts Institute of Technology researcher John Krafcik whilst working on the 
International Motor Vehicle Program (IMVP), and entered common management parlance via his 1988 
Sloan Management Review article. However, the lean production concept was popularised in the best 
selling management book entitled The Machine that Changed the World by Womack et al. (1990), which 
described the large scale IMVP benchmarking study of the Japanese and western automotive industries 
(Bhamu and Sangwan, 2014; Jasti and Kodali, 2014). This popularity and influence was subsequently 
reinforced by Womack and Jones’ (1996a) seminal book entitled Lean Thinking; which detailed a set of 
five principles to be followed for an organisation to achieve the status of a ‘lean enterprise’. Whilst the 
lean paradigm has now been in existence for over 30 years and has been discussed extensively within the 
literature, it has so far eluded a consensus on definition (Shah and Ward, 2007; Hasle et al., 2012; Bhamu 
and Sangwan, 2014; Darlington et al., 2016). Probably the most commonly encountered definition is the 
teleological version provided by Womack et al. (1990, p.13): “… compared to mass production it uses 
less of everything – half the human effort in the factory, half the manufacturing space, half the investment 
in tools, half the engineering hours to develop a new product in half the time.” 
 
However, Bhamu and Sangwan (2014, p.878) alone compiled 33 different scholarly definitions of lean 
and concluded from these that lean can be conceived as a way, process, set of principles, set of tools and 
techniques, approach, concept, philosophy, practice, system, programme, model or manufacturing 
paradigm. As a consequence of this lack of common definition, taken in conjunction with the continued 
evolution of the lean paradigm over time, Samuel et al. (2015, p.1388) warn that the lean paradigm has 
transformed into a polymorphic construct; meaning “… different things to different people, at different 
moments in time.” They suggest that this issue has contributed to the claims of a number of commentators 
such as Anderson et al. (1989), Flynn et al. (1990) and Schmenner and Swink (1998) that the lean 
paradigm is inherently atheoretical in nature. 
 
Clearly, a literature review is an integral feature of every research paper, as the researcher is called upon 
to develop the focal topic in order to identify the knowledge gaps to be addressed by that article. 
Pilkington and Fitzgerald (2006) stated that the most common type of such a review is a subjective, 
qualitative critique. Tranfield et al. (2003) classify these to be of a ‘narrative’ type, which they criticise 
for being descriptive, lacking in critical assessment and exhibiting the implicit biases of the researcher. 
To redress such deficiencies and present a more objective view, these authors suggest that literature 
reviews should instead be modelled upon the replicable and transparent process used in the medical 
sciences. They classify these as ‘systematic reviews’. With the above considerations in mind, a systematic 
review (after Tranfield et al., 2003) was conducted to identify existing systematic reviews of the lean 
literature. It was deduced that such reviews were most likely to be found in academic journal papers. 
Eight search queries were consequently applied to each of business source premier (BSP) and Scopus; 
two of the largest bibliographic databases of business and management journal papers. No date or article 
type restrictions were applied, although patents, case law, citations and non-English articles were 
excluded. Search string matches were sought in publication titles, author-supplied keywords OR 
abstracts. The eight query search strings used were the word ‘lean’ and one of the phrases ‘literature 
review’, ‘literature analysis’, ‘bibliographic analysis’, ‘bibliometric analysis’, ‘citation analysis’, ‘lexical 
analysis’, ‘content analysis’ or ‘social network analysis’. This exercise yielded 98 separate papers. After 
screening each for relevance, eight papers were identified that utilised a systematic review of at least one 
bibliographic database (Suarez-Barraza et al., 2012; Marodin and Saurin, 2013; Curatolo et al., 2014; 
Jasti and Kodali, 2014, 2015; Garza-Reyes, 2015; Hu et al., 2015; Samuel et al., 2015). The most 
extensive of these reviews in terms of number of search phrases used is Samuel et al. (2015). Whilst these 
authors used 15 search phrases for their study, all of the others used between one to nine. Nearly all used 
the phrases ‘lean production’, ‘lean manufacturing’, ‘JIT’ and ‘Toyota production system’. 
 
Likewise, these eight reviews used a variety of date ranges within their respective search strategies. 
Nearly all ended the range at the last complete year prior to the publication of the article. The widest date 
ranges was used by Bhamu and Sangwan (2014), Jasti and Kodali (2015) and Samuel et al. (2015); all of 
whom started the range in 1988 – the year of publication of Krafcik’s seminal paper in which the term 
lean entered the management lexicon. As a consequence of the different search strategies employed, the 
resulting data sets of articles that form the focus of analysis within the eight reviews vary considerably. 
It is often also unclear whether quoted data set sizes are pre or post the application of any filtering protocol 
to screen such articles for relevance. The smallest data set is used by Poksinska (2010) at circa 30 articles. 
The largest data set seems to be that used by Jasti and Kodali (2015) at 546 articles. 
 
One notable finding of the analysis of these eight existing systematic reviews of the lean literature is that 
all employ a simple publication counting approach to address their respective research purposes. This 
typically focuses upon an analysis of the diffusion of lean publications over time or the influence of 
different journal titles within the focal dataset reported upon within the publication. This approach is 
exemplified by Jasti and Kodali (2014) who use six search queries to derive a dataset of 178 lean articles 
drawn from 24 journal titles. The authors then rank these titles according to the number of dataset articles 
that each supply, and also provide a chronological distribution of the dataset articles over the period 
1990–2009. However, notable gaps remain in this mature body of knowledge. These include a lack of 
empirical data on the influence of different types of author within the lean literature; most notably 
academics in comparison to practitioners and management consultants. Likewise, there is still a lack of 
empirical data on institutional influence in terms of type, region (geographic locale) and the contributions 
from individual institutions. The aim of this paper is to address these omissions. 
 
3 Research methodology 
The research programme had a two-stage research design. The first stage involved the identification of 
the most highly cited publications on the lean paradigm, and had three process steps. The first of these 
was to select the bibliographic database that was to host the source population of publications for 
subsequent descriptive analysis. Any such database needed to provide searchable citation statistics on an 
individual, un-aggregated publication level. In addition, extensive personal experience of the authors of 
the lean literature suggested that many of its most highly cited publications were likely to be books rather 
than journal papers and other peer reviewed academic sources. It was therefore important to select a 
database that encompassed the widest range of publication types; which therefore precluded the selection 
of a database such as Scopus, Science Direct or Web of Science. 
 
Instead, GS was selected. It is the most extensive indexing source and draws material from publishers, 
professional societies and university repositories in a broad range of academic disciplines. In addition to 
journal papers, conference papers, theses, dissertations, abstracts it also includes books, pre-prints and 
technical reports. GS therefore encompasses material associated with practitioners as well as academics; 
thereby partly addressing the concern raised by Aguinis et al. (2014) regarding the single (academic) 
stakeholder focus of the standard CA approach. 
 
Having established the source database, the second step of the research process was to design the search 
strategy to be used to query it in order to identify relevant publications. Taken in conjunction with lay 
meanings of the word ‘lean’, the polymorphic nature of the lean concept highlighted by Samuel et al. 
(2015) poses particular challenges to constructing query search phrases that identify the population set 
of publications that are specific and most pertinent to the lean paradigm. The choice of search phrases 
would clearly influence the subsequent publications considered for analysis. Therefore to purposively 
select a keyword search phrase to ‘hit’ a known, highly cited lean publication would bias the results and 
would be methodologically unsound within the CA approach. It is for this reason that Womack et al.’s 
(1990) seminal book The Machine that Changed the World and its greater than 3,300 citations is a notable 
omission from the resulting dataset. In addition, because of the large number of tools and techniques such 
as SMED and Kanban that are associated with the lean paradigm, the use of such terms within the search 
queries was rejected for being impractical and too deterministic. 
 
The authors therefore decided to utilise the lean synonym search phrases used in the eight previous 
systematic reviews of the lean literature. Ten search phrases were subsequently agreed, making this the 
most comprehensive search strategy of its type. These phrases were: ‘lean manufacturing’, ‘lean 
production’, ‘lean thinking’, ‘lean management’, ‘value stream’, ‘Toyota’, ‘world class manufacturing’, 
‘Japanese manufacturing’, ‘just in time’ (or ‘JIT’) and ‘kaizen’. All employed an exact phrase match in 
the publication title, no date restrictions, and were for all publication types (excluding patents, case law 
and citations). 
 
The third step was to implement this search strategy. All queries were executed between 12–16 
September 2016. The detailed results of each query were presented in highest to lowest number of 
citations per publication sequence, with some queries resulting in thousands of hits. The top 25 most 
relevant publications for each query were then identified, and the full reference details copied into an 
Excel worksheet. This entailed reading the abstracts of each publication in sequence to ensure it was 
relevant to the lean paradigm, until the 25 most highly cited relevant publications were identified. The 
net result was 250 individual publication reference details contained within ten worksheets. These were 
then merged and duplicate publication entries removed. This formed a dataset of 241 unique publication 
reference details; representing an aggregated total of 98,829 citations. For each reference in the dataset, 
individual field details included the rank position (according to-); total citations; author/s; year of 
publication; publication title and relevant publication outlet data fields. The second stage of the research 
design involved enhancing the dataset with the additional data fields necessary to enable the planned 
evaluation of the lean literature. This exercise entailed two categories of data field coding, which mirrored 
the two research objectives detailed in the Introduction. 
 
To facilitate the first objective, author coding was undertaken. Every individual author who contributed 
to each publication was itemised within the dataset, then sorted to form a master list of all dataset authors. 
A manual check was subsequently conducted on authors who shared the same surname and initial. This 
was to address the perennial CA problem identified by Pilkington and Meredith (2009) regarding author 
identification due to differing publication naming and citation conventions. Once completed, an author-
type (‘academic’, ‘practitioner’, ‘management consultant’, ‘journalist’ or ‘not discernible’) was added to 
each author in the master list. This coding was derived from the author biography information supplied 
for each publication. The author master list could then be sorted according to any desired criteria. For 
example, the total number of dataset publications or aggregated citations for every author, in any/all 
contribution sequence position (from first to eighth contributing author); hence addressing the limitation 
of the CA method identified by Pilkington and Meredith (2009) regarding a reliance on only first author 
citation data. 
 
The second research objective necessitated institution coding. In a process that was similar to that above, 
a master list of the host institutions was derived from the affiliation information supplied for each author 
within each of the dataset publications. In the interest of consistency, the university rather than faculty, 
school or department-level affiliation name was recorded for academic institutions. Once completed, the 
geographic location (country) of each institution was added, along with its institution type (‘academic’, 
‘non-academic’ or ‘not discernible’). Again, the completed master list could be sorted according to any 
criteria. For example, to inform the influence of individual institutions or their host geographic regions 
within the lean literature. 
 
4 Discussion of findings 
The results obtained from the execution of the research methodology are organised within this section 
according to the two research objectives stipulated in the introduction to the paper. 
 
4.1 Author analysis 
The 241 publications in the dataset contained 405 distinct contributory authors. These were dispersed 
across a maximum of ten named co-author sequence positions, amounting to 511 named author instances. 
Of these distinct authors, 325 (80.3%) were academics. The remaining 80 non-academic authors appeared 
in 86 of the dataset publications, comprised of 47 (11.6%) practitioners, 36 (8.9%) management 
consultants and three (0.7%) journalists. Figure 1 summarises the number of named co-authors per 
publication within the dataset, along with the average number of citations for publications with each of 
that number of co-authors. It illustrates that 82 (34.0%) were single authored, 85 (35.3%) had two authors, 
49 (20.3%) had three authors and 25 (10.4%) had four or more authors. The figure reveals a negative 
correlation between the number of authors and the citation influence of the associated publications. 
Indeed, 167 (69.3%) of the dataset publications are either single or double authored, and these account 
for 77,640 (78.6%) of the aggregated dataset citations. 
 
 
 
Figure 1 Number of co-authors per publication  
 
 
Conventionally, where co-authors exist, citation influence is attributed to the first named author 
(Pilkington and Meredith, 2009). Table 1 therefore lists the ten most influential authors on the topic of 
lean as measured by first author citations. They collectively yield 25 (10.4%) of the dataset publications 
as first author; which in turn account for 41,409 (41.9%) of its total citations. 
 
Table 1 Top ten lean authors by first author citations 
 
Based upon the affiliation details declared in each of these authors’ publications, the table also details 
their author-type and country within which their institution is located. Richard Schonberger (1982a; 
2008; 2010) is listed with two author-types. This is because three of his publications are books where 
his biography details identify him as the President of the consulting firm Schonberger & Associates 
Inc. However, in a fourth publication (Schonberger, 1982b) he is affiliated to the University of 
Nebraska in the USA. Of the remaining nine authors, seven are academics, one a practitioner and one 
is a management consultant. In terms of geographical location, the table hints at the influence of US 
institutions, with half of the leading authors being affiliated to institutions in the USA. Of the remainder, 
three are in Japan and one each in the UK and India. Heeding Garfield’s (1977) warning about making 
inferences based only upon first author citation, citation data was also analysed for all sequence 
positions per author. By this criterion, the list of top ten lean authors changes. Monden, Seth and Hines 
disappear from the list, although the relative rank sequence of the remaining authors stays the same. 
Under this regime the most notable inclusion is the UK academic Dan Jones, who is ranked as the most 
influential author (8,106 citations) as a consequence of his co-authorship of Womack and Jones (1996a, 
1996b) and Oliver et al. (1994). The Japanese academic Kentaro Nobeoka enters the list in sixth 
position (4,341 citations) due to his co-authorship of Cusumano and Nobeoka (1998) and Dyer and 
Nobeoka (2000). 
 
The US academic Peter Ward becomes joint ninth ranked with his writing partner Rachna Shah as a 
consequence of their co-authorship of Shah and Ward (2003, 2007). Please note that in the Research 
Methodology section we highlighted that the seminal lean book The Machine that Changed the World 
was omitted from the dataset for reasons of methodological integrity. If included, its 3,300+ citations 
would have further reinforced the status of both Jim Womack and Dan Jones in the above discussion. 
Reverting to the use of the first author as the basis for citation analysis, Table 2 provides a breakdown 
of the whole dataset by author-type. It was possible to discern the author-type of 228 of these first 
authors. The table clearly reveals the degree of influence of academics, who account for over three 
quarters of both its total publications and citations. Of the 41 publications first authored by non-
academics, none are first authored by a journalist (all three journalists acted as second authors). 
Management consultants account for 26 (11.4%) of the dataset publications and 12,195 (12.7%) of its 
citations. Practitioners are less influential at this aggregated level, accounting for 15 (6.6%) of the 
publications and 10,456 (10.9%) of the citations. However, if the average number of citations per 
publication for each of the author-types is considered, the relationship is inverted; practitioners emerge 
as the most influential category in the dataset, with academics being the least influential. 
 
 
 
Table 2 Author-type performance by first author 
 
 
Further analysis of the 187 publications first authored by academics establishes that they tend to 
collaborate widely, and do not tend to co-author with any specific other author-type. However, 54 
(28.9%) of these publications were single authored, accounting for 19,636 (26.8%) of the academic 
first author citation total. This equates to an average of 364 citations per publication; making academic 
single authored publications the least influential of the single authored sub-categories (see following). 
 
Table 3 Distribution of co-authorship where first author-type is ‘practitioner’ 
 
 
Equivalent co-authorship analysis of the publications with non-academic first authors produces further 
interesting insights. Table 3 shows the distribution of such co-authorships for the 15 publications that 
have a practitioner as first author. This again highlights the importance of single authored publications 
within the lean literature. Indeed, single authored practitioner publications are the most influential sub-
category within the whole literature, with the five publications averaging 1,420 citations each; nearly 
four times the figure for equivalent academic publications. Table 3 also highlights the ghettoisation of 
lean practitioner publications: there are no practitioner first authored collaborations with either 
management consultants or journalists. Instead, most frequently (and influentially), the co-authors of 
such publications are also all practitioners. There is relatively little collaboration with academics. Table 
4 shows the distribution of co-authorships for the 26 publications that have a management consultant 
as first author. Single authored publications are again the most frequent and influential sub-category, 
representing over 90% of management consultant citations. Further ghettoisation is also in evidence, 
with the second most frequent and influential sub-category having co-authors are also all management 
consultants. There is likewise little co-authorship with either academics or practitioners.  
 
  
Table 4 Distribution of co-authorship where first author-type is ‘management consultant’ 
 
 
4.2 Institution analysis 
Using the methodology discussed in the previous section it was possible to discern the name and type 
of the host institutions for the authors identified in 230 (95.4%) of the 241 dataset publications; 
representing 93,966 (95.1%) of the total dataset citations. Within these discernible publications, 218 
distinct institutions were identified across all named author sequence positions. Of these, 164 (71.6%) 
were academic institutions and 54 (24.8%) non-academic. They were distributed across 24 different 
countries Analysis of the first authors reveals that they are drawn from all 24 countries and are affiliated 
with 158 of the above institutions; 121 (76.6%) being academic and 37 (23.4%) non-academic. Figure 
2 provides a breakdown of the number of institutions of both types per country. Due to space constraints 
this highlights the top ten of these 24 countries as measured by their total number of constituent 
institutions. These ten collectively contain 141 (89.2%) of the institutions concerned, with 106 of these 
being academic and 35 non-academic. Of these, the USA is clearly the dominant country in terms of 
the proportion of both academic institutions (42 or 39.6%), and especially the non-academic institutions 
22 or 62.9%). Unsurprisingly, the UK provides the second largest total of institutions whose staff have 
contributed to the lean literature, yielding 21 (19.8%) of the academic and four (11.4%) of the non-
academic institutions. Japan is ranked third, with 11 (10.4%) of the academic and four (11.4%) of the 
non-academic totals. What is perhaps more surprising is the relative ranking of the other countries 
represented within the figure, and likewise the number contributory institutions they contain. The 
inclusion of Canada with nine institutions is particularly noteworthy. 
 
Figure 2 Top 10 countries by number of first author institutions (see online version for colours) 
 
 
Whereas the above summarises the number of distinct institutions found in each country, Table 5 
summarises their citation influence within the lean literature. Again, the top ten countries are 
emphasised, and are presented in descending rank order as measured by total citations of first authors 
at academic and non-academic institutions located within them. Using the method detailed in the 
previous section, the total number of citations discernible by country was 96,185; a figure that was 
higher than that attributable to individual institution-types. The influence of the top three ranked 
countries is particularly notable as they alone yield 84.5% of the total dataset citations (including 81.8% 
of the academic and 93.2% of the non-academic citations). Also of interest is the ranking of Canada 
and Sweden in fourth and fifth position respectively, with many academics and practitioners likely to 
be surprised by the relative influence within the lean literature of the authors/ institutions from these 
countries. The USA is clearly dominant as measured by the number of citations as well as number of 
institutions, being responsible for 52,348 (54.4%) of the total. This is over three times as many as the 
second ranked country. Actually, the USA’s academic dominance is even more pronounced, with its 
institutions accounting for 44,149 (60.2%) of all the academic citations. The second highest ranked 
country is Japan, with 17,279 (18.4%) of the citations. This position is attributable largely to the 
influence of Japanese non-academic authors, who are collectively responsible for 12,315 (53.9%) of all 
the non-academic citations. The UK is ranked third, yielding 11,651 (12.1%) of the total citations. In 
contrast to Japan, the UK’s rank position is attributable to its academic citations; 10,889 (14.9%) being 
the second highest figure and over twice the equivalent for Japan. The number of non-academic 
citations for the UK is surprisingly low. 
 
Table 5 Top 10 countries by number of first author citations Institution country Academic Non-
academic Total 
 
The author analysis section discussed author-type performance for the dataset as a whole. Deeper 
analysis of the publications summarised within Table 5 provides further valuable insight into non-
academic author-type performance at the individual country level. Recalling from the previous section 
that 26 of the publications within the dataset were first authored by management consultants, it was 
found that 17 (65.4%) of these were from the USA; accounting for 7,051 of the citations. Four (15.4%) 
of the remaining management consultants were Japanese, making Japan the second largest grouping of 
management consultants within all of the countries identified. This finding was highly surprising as the 
contribution of Japanese management consultants to the lean paradigm is given little if any recognition 
within the existing lean literature. Indeed, driven by Imai (1986, 1999) these Japanese publications 
account for 4,290 citations; four times the average number of citations per publication of their US 
counterparts. Of the 15 dataset publications first authored by a practitioner, the two leading countries 
were again the USA and Japan. The USA supplied four (26.7%) of these. Japan also supplied four. 
However, the Japanese publications are significantly more influential. Driven by the seminal lean 
publications of Sugimori et al. (1977), Ohno (1988) and Shingo (1989), the Japanese practitioner 
publications account for 8,025 citations. Having completed the previous analysis, it is also possible to 
provide some insight into the extent of collaboration in evidence within the lean literature. Table 6 
categorises the type of collaboration for the 230 dataset publications for which it was possible to discern 
the type and geographic locale of the host institutions to which all the contributory authors were 
affiliated. There are four categories: SIA-single author publication, hence from a single institution and 
country; MASI-multiple authors, but they are all from the same host institution and hence same country; 
MISC-multiple authors from different institutions, but all institutions are in the same country; MIMC-
multiple authors from different institutions, but these institutions are drawn from at least two separate 
countries. The prevalence and influence of single authored (SAI) publications within the lean literature 
was noted earlier, and this is reinforced within the table above. However, the other key feature of this 
analysis is the relative rarity but high citation influence of multi-national (MIMC)-type collaboration. 
These 24 publications comprise 19 journal papers and five books, and as a group, represent an average 
of 759 citations per publication. 
 
Table 6 Geographic collaboration by author-institution 
 
To complete the institution analysis, Figure 3 illustrates the ten institutions that have yielded the largest 
citation influence within the dataset. The chart differentiates between academic and non-academic 
institution types, and the number of underlying publications is annotated onto each bar. Data labels at 
the end of each indicate the aggregated number of citations attributable to the first authors affiliated 
with that institution, along with the percentage of the 93,966 discernible dataset total that each such 
figure represents.  
 
Figure 3 Top 10 institutions by number of first author citations  
 
These ten institutions yielded 51,173 (54.5%) of these discernible citations. Seven are academic 
institutions; accounting for 34,334 of the citations. The remaining three non-academic institutions yield 
16,839 citations. Unsurprisingly, one of the latter is the Toyota Motor Company (practitioner). 
However, the remaining two non-academic institutions in the top ten are both management consulting 
firms. In terms of geographical locale, the USA again dominates, with seven of the ten institutions. 
Two are Japanese and one is in the UK. The most influential individual institution is MIT, with 9,918 
(10.6%) of the citations. University of Michigan is the second most influential with 8,222 (8.7%), and 
is closely followed by The Toyota Motor Company at 8,025 (8.5%); the highest ranked non-academic 
institution. Whilst Cardiff University would be ranked first by publication count (nine publications), it 
falls to fifth position in the above list with 4,517 (4.8%) of the discernible citations. Of course, if the 
above figure were to be based upon the average number of citations per institution paper within the 
dataset, then the rankings would change considerably. By this measure the most influential institution 
would be Brigham Young University, with 1,283 citations courtesy of its single highly cited paper 
(Dyer and Nobeoka, 2000). The second ranked institution would be the management consulting firm 
Schonberger & Associates (1,174 citations per publication), whilst the third would be the Toyota Motor 
Company (1,146 per publication). Cardiff University would rise one position to fourth (1,129 per 
publication) whilst MIT would drop to fifth (1,102 per publication) in the list. 
 
5 Conclusions 
The CA method used for this study utilised ten lean synonym search phrases over a source population 
of over 15,500 GS publications. These were filtered into a dataset of the 241 most highly cited 
publications on lean that accounted for an aggregated total of 98,829 citations; making this the most 
extensive known CA study within production research, and yielded a rich set of findings. Following a 
systematic review (after Tranfield et al., 2003) of the lean literature, two research objectives were 
derived to redress current gaps in this mature body of material. Drawing upon the above dataset, the 
first research objective was to analyse the characteristics and influence of different types of author 
within the lean literature. With this objective in mind we profiled the number of co-authors per 
publication; identified the top ten lean authors by citations, author-type and country of affiliation; 
characterised author-type performance by both publication count and citation, and analysed the 
distribution of co-authorship by both publication count and citation for academic, practitioner and 
management consultant first author-types. 
 
The second research objective was to analyse the characteristics and influence of the institutions to 
which the above authors are affiliated. We consequently profiled the top ten countries by the number 
of different first author institutions and by both academic and non-academic first author citations. We 
also analysed the extent of author-institution geographic collaboration evidenced within the lean 
literature, and profiled its top ten most influential institutions by both publication count and citations; 
characterising this list by both institution-type and country of location.  Given the extent and nature of 
the findings detailed in the previous section, this study adds significant rather than incremental new 
insight into the structure and characteristics of the increasingly influential lean literature. As a 
consequence, it addresses existing gaps in this mature body of material by uncovering previously 
unknown patterns of influence. This has practitioner as well as academic implications. For example, 
identifying and signposting the most influential authors and institutions that are promoting the lean 
tools, techniques and implementation principles that are most significantly impacting the application 
and evolution of the lean paradigm. Likewise, profiling the extent of regional influence on this body of 
knowledge. The CA method used for this research addresses a number of the limitations of the standard 
CA approach. However, a number of methodological limitations do remain. These include an ongoing 
concern regarding the omission of relevant publications due to a non-exhaustive database search 
strategy, and the inherent underlying reliance of all CA approaches on accurate referencing discipline 
by authors within their publication reference list. 
 
Notwithstanding these limitations, it is important to note that the standalone contribution of this paper 
should be evaluated as merely the essential prerequisite (bound by space constraints) in understanding 
the complex relationship between the advice offered in the lean literature and the resultant economic 
and human relations consequences of applying this advice in increasing diverse work settings. 
Considerably more insight into the intellectual structure of the lean literature is promised by further 
analysis of the dataset articles in subsequent publications. For example, a methodological analysis could 
characterise the publication categories, nature and type of research strategies, data collection 
instruments and informants used within this set of most highly influential publications. Such a study 
would therefore permit an evaluation of the relationships between methodological approaches and 
rigour, and the resulting influence among academics and practitioners of such publications. Another 
informative study would be to revisit the institution coding detailed within the Research Methodology 
section and re-analyse the data at the faculty or school level. This would reveal for the first time the 
level and influence of multi-disciplinary research within the lean literature (for example, collaborations 
between business and engineering schools). CA therefore offers the potential to further advance the 
field of lean research. It also offers similar utility within production research more widely. 
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Appendix  
The first stage of the research programme reported upon within this article distilled a focal dataset of the 241 most highly cited publications on lean. Due to 
space constraints, only the top 50 of these are itemised in Table A1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
